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TABLE I
SYSTEM PARAMETERS FOR THE FIXED QPSK AND BPSK TRANSCEIVERS, AS WELL AS FOR THE CORRESPONDING AOFDM TRANSCEIVERS FOR WLANs
bit rate. The protected to unprotected video bit rate ratio is
not exactly half, since two tailing bits are required to reset the
convolutional encoders’ memory to their default state in each
transmission burst. In both modes a 16-bit Cyclic Redundancy
Checking (CRC) is used for error detection and 9 bits are
used to encode the reverse link feedback acknowledgment
information by simple repetition coding. The feedback flag
decoding ensues using majority logic decisions. The packeti-
zation requires a small amount of header information added to
each transmitted packet, which is 11 and 12 bits per packet for
BPSK and QPSK, respectively. The effective or useful video
bit rates for the BPSK and QPSK modes are then 3.4 and 7.0
Mbits/s.
The fixed-mode BPSK and QPSK transceivers are limited to
one and two bits per symbol, respectively. By contrast, the pro-
posed AOFDM transceivers operate at the same bit rate, as their
corresponding fixed modem mode counterparts, although they
can vary their modulation mode on a subcarrier by subcarrier
basisbetween0,1,2,and4bitspersymbol.Zerobitspersymbol
implies that transmissions are disabled for the subcarrier con-
cerned.
The micro-adaptive nature of the subband-adaptive modem
is characterized by Fig. 1, portraying in Fig. 1(a) a contour
plot of the channel SNR for each subcarrier versus time. This
was recorded for the channel impulse response (CIR) of Fig. 2.
In Fig. 1(b) and (c), the modulation mode chosen for each
32-subcarrier subband is shown versus time for the 3.4-and
7.0-Mbits/s target-rate subband-adaptive modems, respectively.
Asitwasaugmentedinmoredepthin[1],thisCIRwasgenerated
with the aid of ray-tracing in a laboratory environment, when
experiencing two reflected paths corresponding to a maximum
path delay of about 15 m. The path delay expressed in terms of
nanoseconds is related to the path length difference expressed
in terms of the distance are related to each other by the speed
of radio wave propagation, which is the same as the speed
of light. A detailed discussion of Fig. 1(d) is provided in
Section V in the context of the time-variant bit-rate mode
of the system.
It can be seen that when the channel is of high quality—like,
for example, at about frame 1080—the subband-adaptive
modem used the same modulation mode, as the equivalent
fixed-rate modem in all subcarriers. When the channel is hos-
tile—like around frame 1060—the subband-adaptive modem
used a lower order modulation mode in some subbands than the
equivalent fixed-mode scheme, or in extreme cases disabled
transmission for that subband. In order to compensate for the
loss of throughput in this subband, a higher order modulation
mode was used in the higher quality subbands.
One video packet is transmitted per OFDM symbol, there-
fore the video packet loss ratio is the same, as the OFDM
symbol error ratio. The video packet loss ratio is plotted
versus the channel SNR in Fig. 3. It is shown in the graph that
the subband-adaptive transceivers—or synonymously termed
as microscopic-adaptive ( AOFDM), in contrast to OFDM
symbol-by-symbol adaptive transceivers—have a lower PLR at
the same SNR compared to the fixed modulation mode trans-
ceiver. Note in Fig. 3 that the subband-adaptive transceivers
can operate at lower channel SNRs than the fixed-modem
mode transceivers, while maintaining the same required video
packet loss ratio. Again, the figure labels the subband-adaptive
OFDM transceivers as AOFDM, implying that the adaption
is not noticeable from the upper layers of the system. A
macro-adaption could be applied in addition to the microscopic
adaption by switching between different target bit rates, as the
longer term channel quality improves and degrades. This issue
is the subject of Section V.
Having shown that the subband-adaptive OFDM transceiver
achieved a reduced video packet loss in comparison to fixed
modulation mode transceivers under identical channel condi-
tions, we now compare the effective throughput bit rate of the
fixed and adaptive OFDM transceivers in Fig. 4. The figure
shows that when the channel quality is high, the throughput
bit rate of the fixed and adaptive transceivers are identical.
However, as the channel degrades, the loss of packets results
in a lower effective throughput bit rate for both the fixed-mode
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Fig. 2. Indoor three-path WATM channel impulse response.
Fig. 3. FER or PLR versus channel SNR for the BPSK and QPSK
fixed modulation mode OFDM transceivers and for the corresponding
subband-adaptive ￿AOFDM transceiver, operating at identical effective video
bit rates, namely at 3.4 and 7.0 Mbits/s, over the channqel model of Fig. 2 at a
normalized Doppler frequency of F =7 :41 ￿ 10 .
Fig. 4. Effective throughput bit rate versus channel SNR for the BPSK and
QPSKfixedmodulationmodeOFDMtransceiversandthatofthecorresponding
subband-adaptiveor￿AOFDMtransceiveroperatingatidenticaleffectivevideo
bit rates of 3.4 and 7.0 Mbits/s, over the channel of Fig. 2 at a normalized
Doppler frequency of F =7 :41 ￿ 10 .
mode transceiver. More explicitly, at a channel SNR of about
20 dB, the adaptive system requires approximately 2-dB lower
channel SNR, than the fixed-mode scheme for ensuring the
same perceptually unimpaired video quality.
Fig. 5. Average PSNR video quality versus channel SNR for the BPSK and
QPSK fixed modulation mode OFDM transceivers and for the corresponding
￿AOFDM transceiver operating at identical channel SNRs over the channel
model of Fig. 2 at a normalized Doppler frequency of F =7 :41 ￿ 10 .
IV. SUBBAND-ADAPTIVE OFDM TRANSCEIVERS HAVING
DIFFERENT TARGET BIT RATES
As mentioned before, the subbannd-adaptive modems
employ different modulation modes for different subcarriers,
in order to meet the target bit rate requirement at the lowest
possible channel SNR. This is achieved by using a more robust
modulation mode or eventually by disabling transmissions
over subcarriers having a low channel quality. By contrast, the
adaptive system can invoke less robust but higher throughput
modulation modes over subcarriers exhibiting a high channel
quality. In the examples previously considered, we chose the
AOFDM target bit rate to be identical to that of a fixed modula-
tion mode based transceiver. In this section, we comparatively
study the performance of various AOFDM systems having
different target bit rates.
The previously described AOFDM transceiver of Table I
exhibited a FEC-coded bit rate of 7.2 Mbits/s, which provided
an effective video bit rate of 3.4 Mbits/s. If the video target
bit rate is lower than 3.4 Mbits/s, then the system can disable
transmission in more of the subcarriers, where the channel
quality is low. Such a transceiver would have a lower BER
than the previous BPSK-equivalent AOFDM transceiver, and
therefore, could be used at lower average channel SNRs, while
maintaining the same BER target. By contrast, as the target bit
rate is increased, the system has to employ higher-order mod-
ulation modes in more subcarriers, at the cost of an increased
BER. Therefore, high target bit rate AOFDM transceivers
can only perform within the required BER constraints at high
channel SNRs, while low target bit rate AOFDM systems
can operate at low channel SNRs without inflicting excessive
BERs. Therefore, a system which can adjust its target bit rate
as the channel SNR changes would operate over a wide range
of channel SNRs, providing the maximum possible average
throughput bit rate, while maintaining the required BER.
Hence, below we provide a performance comparison of var-
ious AOFDMtransceivershavingfourdifferenttargetbitrates,
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Fig. 7. Illustration of mode switching for the switched-subband adaptive
modem. The figure shows the estimate of the BER for the four possible modes.
The large square and the dotted line indicate the modem mode chosen for each
time interval by the mode-switching algorithm. At the bottom of the graph,
the bar chart specifies the bit rate of the switched subband adaptive modem on
the right-hand axis versus time when using the channel model of Fig. 2 at a
normalized Doppler frequency of F =7 :41 ￿ 10 .
We decided to use a quadruple-mode-switched sub-
band-adaptive modem using the four target bit rates of Table II.
The channel estimator can then estimate the expected BER of
the four possible modem modes. Again, the switching regime
activated the specific modem mode whose estimated BER was
below the required threshold. This threshold could be varied
in order to tune the behavior of the switched subband-adaptive
modem for a high or a low throughput. The advantage of a
higher throughput was a higher error-free video quality at the
expense of increased video packet losses, which may reduce
the perceived video quality.
Fig.7demonstrates,howtheswitchingalgorithmoperatesfor
a 1% estimated BER threshold. Specifically, the figure portrays
the estimate of the BER for the four possible modem modes
versus time. The large square and the dotted line indicates the
modechosenforeachtimeintervalbythemode-switchingalgo-
rithm. The algorithm attempts to use the highest bit-rate mode,
whoseBERestimateislessthanthetargetthreshold,namely1%
in this case. However, if all four modes’ estimate of the BER is
abovethe1% threshold,thenthelowestbit-ratemodeis chosen,
since this will be the most robust to channel errors. An example
of this is shown around transmission frames or OFDFM symbol
indices of 1035–1040. At the bottom of the graph, a bar chart
specifies the bit rate of the switched-subband adaptive modem
versus time, in order to emphasize when the switching occurs.
An example characterizing the algorithm, when switching
amongthetargetbitratesof1.8,3.4,7,and9.8Mbits/s,isshown
in Fig. 1. Fig. 1(a) portrays the contour plot of the channel
SNR for each subcarrier versus time, while Fig. 1(d) displays
the modulation mode chosen for each 32-subcarrier subband
versus time for the time-variant target bit rate (TVTBR)
subband adaptive modem. It can be seen at frames 1051–1055
that all the subbands employ QPSK modulation; therefore, the
TVTBR-AOFDM modem has an instantaneous target bit rate
of 7 Mbits/s. As the channel degrades around frame 1060, the
modem has switched to the more robust 1.8 Mbits/s mode.
Fig. 8. FER or video PLR versus channel SNR for the TVTBR-AOFDM
modem for a variety of BER switching thresholds. The switched modem
uses four modes, with target bit rates of 1.8, 3.4, 7, and 9.8 Mbits/s. The
unswitched 1.8 and 9.8 Mbits/s results are also shown in the graph as solid
markers using the channel model of Fig. 2 at a normalized Doppler frequency
of F =7 :41 ￿ 10 .
When the channel quality is high around transmission frames
1074–1081, the highest bit rate (9.8 Mbits/s) mode is used. This
demonstrates that the TVTBR-AOFDM modem can reduce
the number of lost video packets by using reduced bit rate
but more robust modulation modes, when the channel quality
is poor. However, this is at the expense of a slightly reduced
average throughput bit rate. Usually, a higher throughput bit
rate results in a higher video quality; however, a high bit rate is
also associated with a high PLR, which is usually less attractive
in terms of perceived video quality than a lower bit rate, lower
PLR mode.
Having highlighted how the time-domain mode-switching
algorithm operates, we will now characterize its performance
for a range of different BER switching thresholds. A low BER
switching threshold implies that the switching algorithm is cau-
tious about switching to the higher bit rate modes, and therefore
the system performance is characterized by a low video PLR
and a low throughput bit rate. A high BER switching threshold
results in the switching algorithm attempting to use the highest
bit rate modes in all but the worst channel conditions. This
results in a higher video PLR. However, if the PLR is not
excessively high, a higher video throughput is achieved.
Fig. 8 portrays the video PLR or transmission FER perfor-
mance of the TVTBR-AOFDM modem for a variety of BER
thresholds, compared to the minimum and maximum rate
unswitched modes. It can be seen that for a conservative BER
switching threshold of 0.1% the TVTBR-AOFDM modem
has a similar PLR performance to that of the 1.8-Mbits/s
nonswitched or constant target bit rate (CTBR) subband
adaptive modem. However, as we will show, the throughput
of the switched modem is always better or equal to that of the
unswitched modem, and becomes far superior, as the channel
quality improves. Observe in the figure that the “aggressive”
switching threshold of 10% has a similar PLR performance to
that of the 9.8-Mbits/s CTBR-AOFDM modem. We found that
in order to maintain a PLR of below 5%, the BER switching
thresholds of 2% and 3% offered the best overall performance,